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minutes on late lumen loss in percutaneous coronary
intervention for diffuse in-stent restenosis
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T
he recurrence of in-stent restenosis (ISR) is reported to
be in the range of 20–40% but is especially high in diffuse
ISR.1 Previous studies have shown that ISR is due solely

to neointimal hyperplasia without stent recoil.2 ISR caused by
neointimal proliferation frequently occurs within six months.
However, the timing and mechanisms of recurrent ISR are
unknown. A serendipitous observation revealed that lumen
loss occurred during dwell time of radiation therapy of ISR by
intravascular ultrasound (IVUS).3 However, mechanisms and
roles of the acute lumen loss are unclear. This prospective
study was undertaken to quantify lumen loss within minutes
and to discuss the mechanism of recurrence in diffuse ISR.

METHODS
We prospectively enrolled 13 patients with 14 lesions, who
underwent successful percutaneous coronary intervention
(PCI) for treatment of diffuse ISR (lesion length . 10 mm)
in this study. All the patients gave informed consent.
Quantitative coronary angiography (QCA) and IVUS were
performed before, immediately after, and approximately 100
minutes after intervention. Cutting balloon angioplasty or
balloon angioplasty was selected according to the discretion
of the operator. A satisfactory angiographic result was
defined as final residual stenosis , 25%. All the patients
had follow up angiography and follow up IVUS was
performed in the nine patients that had angiographic
restenosis. QCA was carried out in a routine manner.
Minimal lumen diameter (MLD), reference diameter, dia-
meter of stenosis (DS), and lesion length were measured
using a single matched worst view. Late loss was defined as
the MLD after the procedure minus the MLD at six months
follow up.
IVUS was performed with an auto-motorised pullback at a

speed of 0.5 mm/s. Cross sectional area (CSA) was traced
manually. The stent, external elastic membrane (EEM), and
lumen CSA were measured at three points (stent proximal
and distal edge segment and the point of the narrowest
lumen CSA inside the stent in the diastolic frames). Intima
CSA was defined as the stent CSA minus lumen CSA. Intimal
plus media CSA (I + M CSA) was defined as the EEM CSA
minus lumen CSA. Continuous variables were compared by
linear regression analysis and by paired Student’s t test. Data
were expressed as mean (SD). A probability value of p , 0.05
was considered significant.

RESULTS
The mean age of the patients was 66 (11) years and eight of
the patients were men. Seven patients had diabetes mellitus
(54%). The repeat intervention was successful in all the
patients without any complications. Six lesions were in the
left anterior descending coronary artery, two lesions in the
left main tract, and six lesions in the right coronary artery.
Mean stent diameter was 3.2 (0.4) mm and mean stent

length was 30 (15) mm. Ten patients (71%) had repeat
interventions for recurrent ISR. Eleven ISR lesions were
treated by cutting balloon angioplasty and three by balloon
angioplasty. Mean balloon to artery ratio was 1.2 (0.2).
Actual time of the second IVUS after successful intervention
was 98 (44) minutes. Before intervention, reference diameter
was 2.58 (0.45) mm, MLD 0.65 (0.45) mm, DS 75 (17%), and
lesion length measured 20.5 (14.5) mm. Immediately after
intervention, MLD increased to 2.24 (0.38) mm (p , 0.0001)
and percentage DS decreased to 19.5 (7.9%) (p , 0.0001).
After 98 minutes, MLD and percentage DS tended to decrease
(2.08 (0.27) mm, 23.4 (6.2)%, respectively), but did not reach
significance.
IVUS analysis is shown in table 1: in the stent minimum

lumen area (MLA), lumen CSA increased from 1.9 (0.5) mm2

before intervention to 7.2 (1.9) mm2, stent CSA increased
from 8.9 (2.2) mm2 to 9.5 (2.5) mm2, and EEM CSA also
increased from 18.4 (5.0) mm2 to 19.3 (4.8) mm2. At
approximately 98 minutes after PCI, lumen CSA at stent
MLA decreased from 7.2 (1.9) mm2 to 5.0 (1.4) mm2

(p , 0.0001), and the EEM CSA also decreased at three
points. However, there were no significant changes in stent
CSA. In the MLA site, loss of lumen area in 98 minutes was
2.24 (1.1) mm2. However, lumen loss caused by EEM recoil
was 0.49 (0.39) mm2. The unexplained difference was 1.76
(1.14) mm2. This is considered as tissue expansion.
Increase of intima CSA at 98 minutes positively correlated

with increase of intima CSA at six months by IVUS
(r = 0.49, p = 0.0006) and late lumen loss by QCA
(r = 0.57, p = 0.0017). This indicates that 38% of the
increase in intima CSA occurs within 98 minutes.

DISCUSSION
Restenosis is commonly observed between 3–6 months after
PCI. However, our IVUS analysis revealed that a significant
reduction of lumen CSA occurs within 98 minutes. This
suggests that the mechanism of recurrence of diffuse ISR
could be different. Since Sheran and colleagues3 considered
that total intima mass should remain constant, they regarded
this lumen loss as ‘‘intima re-intrusion’’—that is, intima
movement through the stent strut. However, our observa-
tions revealed that intima plus media CSA was not constant.
Therefore, we propose a hypothesis that the intima tempora-
rily shrinks like a sponge. A recent histological study showed
that ISR consists of proteoglycan-rich tissue.4 Since proteo-
glycans are known to contain a lot of water, it is conceivable
that ISR tissue acts like a sponge. One may argue that

Abbreviations: CSA, cross sectional area; DS, diameter of stenosis;
EEM, external elastic membrane; ISR, in-stent restenosis; IVUS,
intravascular ultrasound; MLA, minimum lumen area; MLD, minimal
lumen diameter; PCI, percutaneous coronary intervention; QCA,
quantitative coronary angiography
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longitudinal intima shift can explain this phenomenon.
However, the expansion of intima tissue was revealed at
both the proximal and distal sites of the stent. The majority of
loss in lumen CSA at 98 minutes consists of the expansion of
the intima tissue, which shrinks by intervention. Although
drug eluting stent implantation has been shown to be
effective in de novo lesions, the prevention of recurrence of
diffuse ISR was insufficient.5 The insufficient effect of drug
eluting stents for ISR can be explained if smooth muscle cell
proliferation does not play a major role in the recurrence of
ISR.
In conclusion, significant lumen loss occurred frequently at

98 minutes after successful dilatation of diffuse ISR. This is
caused by intima re-intrusion and tissue expansion. These
data suggest that the mechanisms for restenosis after
treatment for diffuse ISR should be different from that after
stenting de novo lesions.
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Table 1 Intravascular ultrasound results.

Before PCI Immediately after PCI p Value 98 mins after PCI *p Value

Proximal stent edge (mm2)
Lumen CSA 4.4 (1.5) 7.5 (1.7) 0.0001 6.6 (1.6) 0.01
Stent CSA 9.3 (2.8) 9.8 (2.8) 0.02 10.1 (3.1) 0.93
EEM CSA 18.3 (4.4) 19.4 (4.8) 0.02 18.9 (4.5) 0.02
I+M CSA 13.9 (4.3) 11.7 (4.2) 0.0004 13.4 (4.3) 0.002

Stent MLA site (mm2)
Lumen CSA 1.9 (0.5) 7.2 (1.9) ,0.0001 5.0 (1.4) ,0.0001
Stent CSA 8.9 (2.2) 9.5 (2.5) ,0.01 9.3 (2.3) 0.12
EEM CSA 18.4 (5.0) 19.3 (4.8) 0.01 18.8 (4.6) ,0.01
I+M CSA 16.9 (5.1) 11.9 (3.5) ,0.0001 14.4 (4.2) ,0.0001

Distal stent edge (mm2)
Lumen CSA 3.4 (1.6) 7.3 (1.8) 0.0001 6.4 (1.7) 0.03
Stent CSA 8.8 (2.8) 9.6 (2.5) ,0.01 9.2 (2.8) 0.44
EEM CSA 17.7 (5.3) 18.8 (5.9) ,0.01 18.5 (5.8) 0.05
I+M CSA 14.3 (5.0) 11.0 (4.3) 0.0001 11.4 (4.5) 0.06

CSA, cross sectional area; EEM, external elastic membrane; I+M, intima plus media; MLA, minimum lumen area.
*Significance between results immediately after PCI versus 98 minutes after PCI.
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